
4uthcriG 

UNGlAssrF.ttu 
CON FI DENTIAL Copy No. 

RM. No. L9Cll  

3 

RESEARCH -._ MEMORANDUM 
STUDY BY NACA WING-FLOW METHOD OF TFXNSONLC DRllG 

CHARACTERICSTICS OF A BLUNT-NOSE BODY OF 

REVOLUTION Am-COMPARISON WITH RESULTS 

FOR A SHARP-NOSE EODY 

BY 

J. Ford Jovhnston and Mitchec Lopatoff 

Langley  Aeronautical Laboratory 
Langley A i r  Farce Base, Va. 

""""" _"" ---- 
q"y-i"}-x+ " " " " - ~  
."""""""-"-"""4 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS ' 

WASHINGTON 
April 26, 1949 



t 

CHARllcTERIsIlICS ClF A B L T i N T "  

moLm10IB AmD COMPARISON WlTH 

FOR A SElRP+NOSE BODY 

By J. Ford  Johnston and Mitchell 

BODY 

IasuLqs .. 

Lopatoff 

A body of revolution w i t h  an WCA 1++lW nose inlet at z0ro 
angle of attack and no internal air  flaw was selected for study by the 
NACA wing+f low method af the pressure drag of m extremely blunt-nose 
body and comparison with  previous results for a shazpnose body. 

For the body w i t h  nose inlet, local eanic  velocity w a s  f irst  
attained.at  t b  inlet l i p  a t  Mach n d e r  M = 0.76 md at the maximLun 
thickness  position at M = 0.83, but the drag r i s e  did not  begin 
until M = 0.90. The pressure drag coefficient rose from zero at M = 0.90 
t o  0.25 a t  M = 0.98 and t o  0.38 a t  M = 1 e 1 O n  

The change from sharp t o  M e t  nos0 w h i l e  maintaining  the same & e ~ -  
body shape decreased the drag+ris0 Mach nllTdber from 0.94 t o  Ongo. . 

The general nature & the pressure-drag variation wlth Mach  nuniber 
for slender  bodies of revolution in  the  transonic range is tentatively 
proposed fram consideration of the separate drag contributions of front 
and rear ends-, 
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The drag chmacteristics of 8harp-nose bodies of'revolutian have 
been investi ted by the 2BACA w m f l o w  mthod  (reference 1 )  and free- 
f a l l  method. reference 2) in the  trasecmic speed range. R e d t s  from 
the fYee4al l  investigations  ihdicated that the body shape behind 
maximum thickness was the  controlling.factor in the. drag r i s e  below 
Mach number 1.0. Zkom the wineflow tes t s  it was concluded that the 
drag r i s e  below Mach number 1.0 WBB due principally t o  the growth and 
rearwazd shif t  of the peak negative  pressure beyond t h e  mximumthick- 

position. The drag rise of the wlnef la r  model occurred shortly 
d t e r  the  local  velocity of sound WBB attained a t  maximum th icbess  on ' the body. Additional drag increases above Mach nmiber I .O appemed in 
both investigations t o  be governed primarily by the portion of the body 
in front. of the maximum thiclmess  positian. 

Ln order t o  investigate further the  effect  of f orebody shape at 
transonic speeds, an extrame cam of a nose in le t  at zero inlet-velocity 
ra t io  and zero angle of attack was selected for study of t he  pressure 
drag by the wing-flow method, The afterbody selected was the same as 
that  of the sharpnose body teated by the 881138 method (reference 1 ). 
m e  W e t  ahape W&E one already  tested (with a different  afterbody) up 
t o  Mach number 0.92 in t h e  Langley 8-f oot- high-speed tunnel (reference 3) .. 
The results of the investigation axe reported  herein. 

A sketch of the model used ahowing dimensions, inlet proportions, 
and orifice  locatians is shown in figure 1, and a photograph of the 
model is given ae figure 2. The portion of t h e  model ahead of maximum 
thicbness was very  closely an mAcA 1+&100 nose inlet ;   that  is, an 
inlet ha~ing the NACA series 1 external ordinates given in reference 4, 
with inlet diameter 50 percent of t he  maxhmm diamster and the length 
equal t o  the maximum diameter. The inlet duct was blanked off one 
in le t  diameter behind the 11088. The portion of the model behind 
maximum thickness w a ~  of c i r c u l m  profile and =E. mpported on a 
hEtlf"inch diameter sting; these re-ecticm ordinates and the sting 
size were the same ae for the aharpaose body of reference 1. The upper 
and lower meridian lines each carried 12 8tatic-ressure  orifices spaced 
along the body as  ahown in figure 1. A single orifice was also placed 
in t h e  center of the   inlet  for measurement of the internal pressure 
recovery. The upper- and lower-mmface orifices at a given position X/D 
were t i ed  i n t o  a single pressure l ine at the center of the body. 3y 
t h i s  -ana the average of the upper- and lmer-surface ~ Z W S S U ~ ~ S  was 
measured directly for each x/D. As in reference 1, the average pressure 
was assumed t o  represent the pressure at zero w e  of attack. The 
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body+ting combination waa mounted- 6 inches above the -lane wlng as 
shown in figure 3 and was dined la teral ly  with the local 'flow. 

Mach  nuniber a t  the model position ms obtained by the m e  of two 
&x%ure tubes located 8 inches on each side of the model with two s t a t i c .  
orifices an each tube  as shown in figure 4.- The average of the Mach 
numbers framthese four positions was used 88 the Mach  number at the 
model position. It w a ~  deterrmined that t h e  presence of' the model did 
not appreciably  affect the merage. The normal and l angi tudbal  Mach 
pzmiber gradients at the  test   section are described in reference 1. It 
was concluded in reference 1 that t h e  longitudinal. gmdiente were m a l l .  
with respect to those an the model and a h d d  have d effect the ' 

pos i t im  of separa;tion, It has been found in practice that the pressure 
drag should not be corrected f o r  horizbntal buoyancy due to t h e  lo&tu- 
dinal gradients  existing wi$hout the mob1 in place. 

The experimental  technique was t o  dive t h e  aircrafC from an 
altitude of 28,000 feet at a Mach  number of 0-50 t o  15,000 feet  and a 
Mach number of .O.7lwhich gave correqonding l o c a l  &oh numbers of 0.70 
t o  1.10, respectively. Eight E-second  records were a lso  obtained at 
canstant Mach  nuznbers t o  Bupplament data recorded fn the dive. During 
these runs, standard bTAcA l r s t m t s  continuously recorded and ~gnchr- 
nized all model pressures supplementary Infomation- such as airplane 
lmpact and s ta t ic  pressures. ' 

I 

Variation of Dreamre  coefpicient with Mach number.- The basic data 
are -presented in figure 5 as  the  variation of pressure  coefficient 4 / q  
(local  pressure above atream s ta t ic  as fraction of the d~namfc ,pressure Q) . 
w i t h  Mach  number M for each orifice  positian I . O n  the portion of 

of presme  coeff ic ient  with Mach  nlmiber is l a r g e  but fairly.amooth. 
These forward positions are characterized by t he  attainment of peak 
negative.preeaure  coefficients at Mach,numbers in the range 0.70 to 0.95, I 

followed by amooth but fairly rapid changes t m d  positive pressures. 
Behind maximuunthicheee, however, (figs. 5(g) t o  5(Z)) the changes in 
pressure are large asd abrupt between M = 0.85 and M = 1.00. These 
large abrupt changes indicate a rapid growth and rearmrd &if% of t h e  
negative pressures in this Mach rimer range. 

I 

t h e  body in front of m a x h m  t h i c b e s  (fige. 5(a P t o  2(f)) the variation ! 

I 

Pressure distributicm  don^ the body axis.- m e  pressure a d r i b u -  
tions along the body &E at selected Mach numbers from 0.70 to 1.10 are I 

ahawn in figure 6. Also shown axe peasure distributions mearsured on I 

a similar XACA 1+0-100 nose inlet  (with a cylhdrical  center  section 
between nose asd afterbody, also sketched Fn f i g -  6) a t  zero fnlet- 
velocity  ratio in the Langley %foot high-peed tunnei  (reference 3) I I 
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up t o  M = 0.92, as well as the  distributions on the same rear-end shape 
from teste of tha ahar-p-nase body (reference 1). 

It may be seen that the  distributions on the  tunnel and: wing-f law 
inlst sectipns have the same general Shape at Mach numbers of 0.70 to 0.80, 
but the negative  pressure peak at the l i p  of the tunnel model is not so 
high and temls t o  digappear .at lower Mach number than for the winef low 
model. The difference is probably associated with the lower  mutual 
interference between the foreboity and afterbody of the  tunnel model. The 
effect of t h i s  interference will be dimussed later. 

For the wlne f low model, local sonic velocity is f i rs t   a t ta ined at 
the l i p  at Mach nmber M = 0.76 and at the maximum thic-ess position 
a t  M = a.83. The velocit ies over the entire inlet section up t o  maximum 
thiclnress are supersonic a t  Mach  number O,@. 

t 

The difference in re-d presme distributions between the models 
with blunt and sharp front ends indicates the extent t o  which the velocities 
induced by the inlet carry over t o  the rear section.  This  interference 
leads t o  the  eeslier attainment of supersonic velocities on the re85 end. L 

The formation of a pronomced shock at maximum thicknese at Mach number 0.90 
and i t s  rapid rearward mov8ment with increasing Mach nm3er is a l so  
fndicated in figure 6 -  The positive pressures a t - the  last orifice  indicate . 
that  there is no appreciable flow separation at t h e  rear of the body; 
hence, the drag r i se  is associated  with  the primary f l o w  rather  than 
with any bomdary-layer shock interaction. It was clamonstrated in refe? 
ence 1 that seperraticm did not  occw on the shaslpsose body w i t h  stings 
of o n e "  and one-fourth the body diam4ter. Therefore, these results 
should be applicable a t   ful l -scale  with body-Jet--diameter ratios of the 
earns order.. 

c 

Pressure drag.- Sample curve8 of Ap/q plotted again& the  frontal 
a r e a  r a t i o  (r-/RI2 axe Shawn in figure 7. The mea enclosed by such a 
curve is, w l t h  proper regmd ko sign, equal t o  the pressure drag  coef'fi- 
clent CD of the body-sting combinatim,. based on frontal  area. Similarly, 
the  drag  oantrfbutians of the front.  and rear  portimE of the body may 
be obtained: by tutegrating  the  area between the x-is and the  portions 
of €he m e  representing the front an& rem ends, respectively. It w i l l  
be noted that the curves a r b  closed by the stqpatiorr  pressure  acting 
within  the ipflet an& stream sta t ic  pressme over the cross  section of the 
Sting. In this respect the sting may be assumed t o  represent a parallel 
j.et of the same diameter. 

The pmsaure &ag coefficients  plotted again& Mach number for the 
inlet body &e given in  figure 8, dong w i k b  a breakdown of the drag 
c-ontributionet of the  front and rear parts of the body and a camparison 
with  the.  drags measured on a similar inlet in  the Langley %foot high- 
speed tunnel (reference. 3 and unpublished data). The preseure  drag 
coefficient for +he entire body (fig, 8) fncreaeed rapidly from about 
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zero a t  M = 0.90 t o  0.26 at M = 0.98 t o  1.00. This abrupt  increase 
in  drag a t  M = 0.90 is associated w i t h  the formation of a  supersonic 
region behind maximun thickness. It i s  t o  be noted in particular that 
the  existence of an extensive Bupersonic region on the f o m d  portion 
of the body  below M = 0.90 did not cauae an increase Fn the drag. 
Above M = 1.00 the drag  increased  again, but not as sharply, reaching 0.38 
a t  M = 1.10. The t o t a l  body drag cur-ve, including Bkin friction, f r o m  
the tunnel tests of the NACA 1+&100 inlet  with ari afterbody of somewlmt 
higher  fineness  ratio, a6 described in reference 3, shm a  slight drag 
r i s e  between M = 0.85 and M = 0-90, followed by a steep  drag  rise 
above M = 0.90. The wing-flow an& tmnel rasults are cansidered t o  be 
in reasonable agreement, although the longer asterbody would be expected 
t o  give slightly  hlgh d r e r i a e  Mach number. 

The origins of the body drag may be evaluated by reference t o  the 
frmt- and r e a r - e d  drags also given in figure 8. It e h d d  be noted 
that  the component drags aze not generally independent of each other, 
inasmch  as the drag of one pmt is. influenced t o  same extent by the 
induced velocities from the other part of the body. The exceptian is 
the nose portion above Mach nuniber 1.0.. The effect of mutual interference 
on the   cqonent  drag below the -rise Ma& nWer is  the  difference 
of each component-drag frcm zero,  inamuch as without Fnterference or 
separation  p0hntia.l flow requires that the pres- drag of both be  zero. 
lh t h i s  connectfan it is interesting t o  note that the  pressure  drag of 
the forebody is negative at  the lower apeede because of the mutual 
interference. Since the  forebodyeerbody mtual Lnterferance of the 
tunnel model was negligible, the forebody d r a g  must be zero, and there- 
fore the  presmres on the inlet  section ruu& be -rally less negative 
than those on the 8~me sec t im of the wbg-flow model, as Weed.  they 
have been &am t o  be (fig- 6 ) -  

It may be seen that the drag rises for botg of the body begln 
at M = 0.90, but  the  rate of rise f o r  the rear end below M = 0.98 is 
considerably  higher than f o r t h e  front end. At  M = 0.98, the re-d 
drag is about 75 percent of tlle total. &rag. Above th ia  Mach number, the 
ram-end  drag  coefficient drops dightly asd then levels off ,  becoming 
only 45 percent of the t o t a l  drag at M = 1-10, the  extent of these  tests. 
The t e s t  point from the Iangley &foot high-speed tunnel at M = 1.2 
indicates  that the inlet pressure drag continues t o  r i s e   a t  about constant 
ra te  at least, t o  that- Mach number. 

A similar drag breakdm of the sharp+aose body of reference 1 into 
the component f2on-k  and r e m  dregs is given in figure 9. Here it 
may be seen that  the drag r i s e  o f  each component begins at about . M  = 0.94. 
The rear end contribiztes about 87 percent of the t o t a l  drag at M = 0.98 
and about 66 percent a t  M = 1-075. The curves are generally similar t o  
those of the  nose-blet body (fig. 8). 
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These curves a+e repeated in figure 10 to--give a direct-   cqazison 
of the t o t a l  and ccanp'ment drags .of the nose-inleti and sharp+nose bodies. 
It is seen that  the change fram sharp t o  inlet nose decreased the dre 
rise  Mach  number from 0.94 t o  0.90. Uamuch as the  drag  rise  did not 
begin upon the formation of mpereonic velocities on the nose section, 
it is indicated  that  the drag ri8e i s  associated wikh the development-of 
an appreciable  supersonic  regIan  behhd t h e  maximm.thiclmess. posit im. 
The effect of the  blunter nose was appasently t o  increase  the fnduced 
velocities behind.maximum thickness and thus t o  encourage the ear l ier  
development-of supersonic velocities there. The fact   that   the front- 
end drag rise occurs f o r  each body at the sazne time as  the re-nd drag 
-rise is  probably an indbcatioh of the decay of the mutual interference 
between t h e  front and rear ends which at subcritical speeds kept the  net 
drag zero. 

The drag r ise   accqanying the extensive  supersonic f ie ld  may be 
interpreted as the  result of hock 1088, or  of pressure  drag due t o  
excessive  negative pressures on reazwmd-aloping surfaces, or of break- 
down of "signals" between front asd rem? of the bodyo All these views 
a r e  correct in  this  caseo In terms of shock loss, it may be  assumed 
that  recampressian from supersonic velocities is accq l l ahed  nearly 
isentropically until the  extent of the supersonic r e g i o n  becomes l a r g e  
along and, therefore, a lso away from the body. In terms o f -  a i m s ,  it 
is apparent that- a compression signal fromthe  rear can go mound a 
supersonic  region i f   tha t  r e g i a  ex tenb  only  a SmEtll distance f rom the 
surface. Ln so doing, p a r t  of the compression signal will compress the 
supersonic f ie ld  a t  right angles t o  the velpcity and, therefore, without 
shock. In these terms, then, the drag r i s e  i s  not expected to become 
appreciable unt i l  an "extensive"  supersonic f i e ld  is  formed. The view 
of the excessive  negative pressures accompasying the  supersmic  field  ie 
nezrmer,  inamuch as it does not  consider  the whole body. In partfcular 
it may be noted khat 89 extensive supersmic  field was formed 011 the 
cylindrical  section  (that is, behind the first position of maximum thlck- 
ness) of the  tunnel model of reference 3 coincident , w i t h  the drag r ise .  
The associated  negative  pressures could  not.produce  drag, inafmruch 88 
the s&ace slope in t h i s  region was zero. The pressures on the m e r -  
body  were unaffected,  but the nose pressures becams  more positive. Thus, 
in the.case of reference 3, it ?nay be said that the shock losses b e c m  
appreciable when the eupersonic region moved  downstream  of t h e   f i r s t  
position of maximum thickneka, the-movement onto the strai&t portion 
indicating  a large vertical  extent of the  field;  the shock losses must 
appear as p r e s m e  drag and take the form here of more positive pressures 
on the nose due t o  failure of expassion signals frd-donnstream. 

From the forego- considerations, it may be  concluded that  the 
ewly supersonic  region a t   t he   i n l e t   l i p  was of such emall extent away 
from the body as n o t  to-.-cause a measurable drag increase. The amall 
lateral  extent of the supersonic region..is a direct  regult of the high 
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profile  curvature at the l i p ,  -inam& as the decrease of the Induced 
velocitfes with  distance f r a m  the &ace is proport ianal  t o  the profile 
curvature . 

The inlet  body shows hi&er drag than the 8he;rpnose body a t  all 
Mach  numbers above 0.90. Below M = 0.99, both frmt esd rbaz  p o r t i m  
contribute t o  the bigher ea& but at hfgher Mach numbers t h e  two rear- 
end drag6 ' a re  substantially the flame and the Increased t o t a l  drag is due 
solely t o  the  blunter  inlet portions. The hi&- drag cost of the  blunt 
front end w i t h  increasing  sipersmic ape& is il lustrated  in 'hoth 
figures 8 and 10. It should be emphasized here that the "Fnlet" section 
should not be considered a6 an operative nose inlet  but merely ~ l l l  extreme 
case of a  blunt-llose body,, which  might occur if aerodynamfc character- 
i s t i c s  were completely sacrificed in favor of some other  required  function. 
The similarity t o  an operative nom l a l e t  occurs in the case of a p m ~ -  
off dive, wfiere high  drag is usually desirable except when due t o  sudden 
power-plant failure. 

If, in general, the front-nd drag continues t o  r i s e  until atbach- 
ment of the bow shock wave, then the nose-inlet drag w i l l  probaly 
conthue  indefinitely to r i s e  wlth k c h  nuzdber for all cmstant m e t -  
velocity  ratios below 1.0. For the s h m o s e  body, the bow wave the- . 
retically  attaches  at  M = 1-15, which is beyond the lMt of these  tests. 
!Che front- and re&p"Bpd drag coefficients have been calculated f o r - t h i s  
Mach nmb,er by the  linearized t heo ry  (reference 5) and are also plotted 
in figure 10. It may be seen that the calculated values f o r  the cnmponent 
drags are in reaeonable agreement KTth the  values  obtained by extrapola- 
t ion of the experimental  curves t o  the shock-a.ttachm6nt Ma.ch number. The 
agreement indicates that the linearized theory becomes applicable f o r  
first-order drag  determFnatim at the Mach nuuiber for attachment of the 
bow shock wave. Above th i s  Mach number, the drag coefficient is expected 
t o  remain constant or t o  decrease slightly in accord w i t h  the theory. It 
wlll be noted that the free-fall test body of fineness  ratio 12 (refer- 
ence 2), having a shock*ttachment Mach nuniber of 1.05, &owed peak &@g 

' coefficient at M = 1.05 asd a slight decrease with further increaee in 
Mach number. 

On the  basis of t h i s  evidence, a general picture-of  the pressure- 
drag variation for slender  bodies of revolution between the Bubeonic 
force4reak Mach rimer and the mqereonic.shockdttachmsnt plach  number 
may be groposed tentatively f r a n  cansideration of the front- and reax- 
end dra,g contributions: 

1. The drag r i ses  for the front and r em en& will begin a t   the  
aams Mach rimer unless these components are  so separated by a cy lhdr ica l  
center  sectian as t o  make their  mtual interference negl.t&ble. 

2. The front-nd drag coefficient  varies approximately linearly 
between the  forcebreak and &ock+%ttachment Mach numbers. The lower 

! 
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value of the  drag  coefficient can be obtained f r c a n  subsonic theory or 
*d-tunnel tes t s  and the upper value ;From supersanic  theory  or  supersmic 
wind-tunnel tes t s  I 

3. The Pmz-end drag coefficient  reaches a maximm at Mach number 
very near 1.0, then decreases slight- (apparent- 10 percent t o  20 per- 
cent ) up t o  the ehock-attachmsnt Mach  number. Again, the  ~aLues a t  
either end can be determined from mbsanic and supersonic theory or 
experiment. ' It appears from figure 10 that peak re-d &avoeff ic ien t  
values are reached a t  M = 1.00 t o  0.98, depending upon the sCrength of 
the velocities induced by the  front end. 

A major factor in use of these  deductions is determination of the 
force-break Mach nurtiber. High-peed subsonic wind tunnels should be 
satfsfactory for t h i s  purpose if the choking Mach number is mfficiently 
higher than the forc-break Mach numper. If these  factl i t ies are 
unavailable, it is necesB8;Fy t o  resort t o  predict tau based on low- 
qeed teets  or  theoretical pressure distributions, The predictians are  
uncertain not only because of the  uncertainty of extrapolating  the 
preseures'to  high Mach rider but &eo because of difficulty in sett ing 
cr i ter ia  f o r  the  force4rea;k Mach nmiber based on these  extrapolated 
presmea.  

It -is a l ready  established that the occurrence of sonic  velocity 
either a t  the highest speed point on the body or  at maximum thicknese is 
not a suffioient  criterion f o r  determining the force-break Mach  number. 
It appears that the drag r i se  does not becams appreciable until a fair ly  
extensive  supersonic f ie ld  is establieihed dam~ltream of maximum thicbness. 
Possibly,  a general relationship exists between the cr i t ica l  and force- 
break Mach  numbers. For example, it waa found that  f o r  the two bodies 
tested, the force-break Mach number-could  be  approximated by the formula: 

M m  = M' + "(1.0 - M' ) 1 
3 

where 

MFS stream Mach nuiiber f o r  beginning of steep  drag  rise 

M' stream Mach nuniber for occurrence of local sonic  velocity at- 
maximum thickneas  poeition 

This farnmla cannot be considered general i gamch  as only t w o  bodies 
havlng the 8- d t e r b o d i e s -  .me copsidered. It. appears that further 
studies should be made t o  predict  the  force4reak Mach number. 

n 
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C0NCI;USIOMS 
I 

Pressure distr€butions  mer a body of revolution  with  a nose inlet  
(with no inlet  air flow) obtained at  transonic speed by the NACA wing- 
flow method have indicated that: 

1. Although local  sonic  velocity was f i r s t   a t ta ined  at the inlet  
l i p  at Mach  nuniber M = 0.76 and at the.-thicknesa positfan at 
M = 0.83, the  drag r i s e  did not begin until M = 0.gO. 

2. The pressure  drag  coefficient rose from zero at-  M = 0.90 t o  0.26 
a t  M = 0.98 and t o  0.38 at M = 1.10. 

3. The drag coefficient of the portion of the body behind the 
mFl.a-i-thickness p o s i t i m  reached a at M = 0.98, then dropped 
slightly at higher Mach numbers. This re-nd drag W&E about 75 percent 
of the t o t a l  drag at M = 0.98 and c d y  45 percent of the t o t a l  a t  
w = 1010. 

4. The drag coefficient of the  portion of the body ahead of the 
maximumthiclaess position  increased lFnearly with Mach  n-er between 
M = 0.90 and M = 120, t he  limit of the t e d 8 .  

Comparison of the  results f o r  t h e  body with nose inlet  with reEnzlts 
for a sh-ose  body having the 881118 rear end indicates that: 

5. The change from ahar-p t o  inlet n o m  decreased the drag-rise 
Mach  number f'ram 0.94 t o  0.90, presumably because the  blunter nose 
increased  the induced velocities over the rear end. 

6. The general  nature of the pressure-drag variation with Mach 
m e r  for  slender bodies of revoluticrll in the transmic range may be 
proposed tentatively f r o m  conaideratian of the Qeparate drag contributions 
of the  front and rear ends : 

: (a) The drag r i ses  f o r  both coqonmts  urnally begin at the 
sane"Mach  number because of the mutual interference  existfng ' 

between forebody and afterbody. 

' (b) The f r o n h n d  pressure drag  coefficient m i e s  a;pproximately 
linearly between the values at the subsanic  force4rea.k and the 
supersonic  bow-wave-attachmmt W h  numbers. The lower value can 
be obtained fram subsonic t heo ry  or wind"tUzme1 t e s t s  and t h e  upper 
value, fram supersonic  theory o r  wind"tuzmel tes ts .  

(c) The rear-end pressure drag coefficient reaches a maximum 
at Mach  number very near 1.0, then  decreaees slightly up t o  the 
bm"v~t t achmer r& Mach  number. Agah, the values a t   e i ther  end 
can be detemnined from mbsonic o r  supersmic  theorg or experlmant. 

? 

i 
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determination of the body pressure drag at the Mach  number for  
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